Introduction
Sclerosing bone dysplasias are uncommon genetic disorders characterized by increased skeletal density and bony overgrowth due to a defect in the remodeling of bone. Not only does the enlarged bone press on the brain and spinal cord, but cranial and spinal nerves are at risk at the exit foramina from skull and spinal column. The bone pathology is usually not suspected until a neurologic deficit develops in a young child. A facial nerve palsy, instead of developing gradually, presents as an acute paralysis, identical to Bell palsy. A classification of the sclerosing bone dysplasias is presented in Table 1 . The purpose of this review is to discuss the literature on the neurologic assessment and management of this group of bone disorders.
Background
In 1904 Professor Albers-Schönberg of Hamburg described a patient suffering from a benign form of thickened and very strong hard bone. After his publication the terms osteopetrosis, marble bone disease, and AlbersSchönberg disease were often used. This first patient was later identified as having suffered from the benign form of osteopetrosis. Marble bone disease is now only used as a nonspecific collective name for the skeletal dysplasias with dense bones, and the name AlbersSchönberg disease only in its historical perspective. Various other skeletal dysplasia syndromes were subsequently identified. It is now possible to make exact diagnoses of the various genetic entities by means of radiographic skeletal surveys as well as DNA investigation. A skeletal survey will show dense bones and abnormal modeling of the long bones, hands, and spine. Detailed descriptions of these conditions can be found in the database of OMIM (Online Mendelian Inheritance in Man) at http://www3.ncbi.nlm.nih.gov/entrez/query. fcgi?db=OMIM.
Sclerosteosis is regarded as the most aggressive of the 'benign' type of skeletal dysplasias. Recently, the sclerosteosis (SOST) gene, involved with excessive bone formation in sclerosteosis and Van Buchem disease, was discovered. In 2003 Hamersma, Beighton, and Gardner [2••] reviewed the natural history of 63 patients with sclerosteosis and also compared this condition with Van Buchem disease. Death can occur in young adults due to increased intracranial pressure and sudden coning of the brain. The need for emergency decompression craniec-tomy should be kept in mind when a patient complains of headache and blurred vision. Van Buchem disease is a similar condition, less aggressive, but craniectomy may also become necessary.
Neurologic assessment
Complaints of hearing loss, attacks of facial palsy, headaches, sinusitis, facial pain, and obstructed nasal breathing are frequent [3,4•,5,6]. Radiologic examination will detect the dense bones in the whole skeleton as well as a sclerotic skull base (Fig. 1) [7] . By age 10 an enlarged skull with frontal bossing becomes evident. The broad nose in craniometaphyseal dysplasia appears even before age six. Enlargement of the mandible develops by age 20, and causes prognathism, which may interfere with closing of the mouth. Decreased facial movement interferes with intelligibility of speech. Dental extractions of malpositioned teeth are difficult. Torus palatini and torus mandibuli can interfere with eating and speech. Nasal obstruction due to thickening of the bony nasal septum and turbinates causes obstruction of nasal breathing. The frontal and ethmoid sinuses are large but the maxillary sinuses are small with frequent maxillary sinusitis.
Patients usually have a conductive hearing loss before going to school. Attacks of acute facial palsy can occur at any time. Two patients had a paralyzed face at birth, which recovered partially after 6 months.
The external auditory canal eventually becomes narrow and elongated, placing the tympanic membrane in a deeper position (Fig. 2) [8]. The narrowing of the eustachian tube interferes with ventilation of the middle ear space. The middle ear space becomes markedly reduced due to bony thickening of the promontory of the cochlea as well as the walls of the middle ear. The umbo later on touches the promontory and in the attic movement of the ossicles is impaired due to bony encroachment (Fig. 3) [8]. Early in the disease the stapes becomes fixed and the round window niche narrows down to a pinhead aperture by age five (Figs. 4,5) [8,9].
Sensorineural hearing loss can occur due to closure of the windows and/or compression of the acoustic nerve inside the internal auditory canal. Temporal bone studies in young adults showed that the acoustic and facial nerves The acute facial palsies may recur, but frequently a subsequent attack is on the other side [11] . Invariably the patient is diagnosed as suffering from Bell palsy. Whereas a Bell palsy may be partial or total, the paralysis in a sclerosteosis is always total. Another important difference with Bell palsy is the fact that the nerve always degenerates completely (in Bell palsy less than 20% of total paralyzes progress to total degeneration). After 3 to 5 months the paralysis recovers partially, but sequelae always develop due to faulty re-innervation of the motor nerve (ie, incomplete movement of the face, synkinesis, contractures, mass movements, involuntary twitching, and crocodile tearing). Eventually the patient has a compromised facial appearance and has difficulty pronouncing a "p" and "b". It is thought that the mechanism of the acute attack is occlusion of the veins inside the fallopian canal, followed by edema and eventual occlusion of the arteries [9].
The most common ocular abnormality is proptosis due to thickening of the orbital walls and vision is usually spared. Optic atrophy and deterioration of vision may occur later on due to pressure on the optic nerve [12] .
Other complaints may include gradual loss of smell due to involvement of the olfactory nerve, excruciating facial pain, and wasting of masticatory muscles due to involvement of the trigeminal nerve. Impaired balance and vertigo are rare complaints but when vestibular tests are done, vestibular responses are found to be reduced [13] . This may be attributed to the slow process of bony growth. Ataxia is rare and endolymphatic hydrops has not been encountered. Chronic back pain due to compression of the roots of the spinal cord occurs frequently. In addition the patient may present with chronic headaches secondary to increased intracranial pressure. Papilledema may then be found at funduscopy. Patients may also present with cerebrospinal fluid rhinorrhea but meningitis is rare. This may be due to the increased pressure of the cerebrospinal fluid. Death often occurs due to medullary coning. The intellect of most patients remains normal.
Management
Surgical treatment is currently the cornerstone of the management of symptoms and complications of excessive bony overgrowth.
Correction of hearing loss is difficult and only has limited success. The biggest problem is closure of the round window, and drilling away the overhang of bone can damage the high frequencies of hearing. Freeing of ossicles in childhood is usually temporary until the rapid growth of bone fixates it again. Drilling out the oval window may become necessary. The annulus of the windows usually stays the same size because bony overgrowth occurs on the outer surface of the otic capsule and spares the annulus. The incus and the head of the malleus usually have to be removed. Malleovestibulopexy has limited success due to bony ankylosis of the umbo with the promontory of the cochlea.
Patients usually end up wearing hearing aids. Widening of the external auditory canal is usually necessary to accommodate it. If the patient does not hear with a hearing aid, both oval and round window may be closed, and one of them must be opened surgically. Bone-anchored hearing aids have recently been used with success in a patient with Van Buchem disease [14] . Cochlear implantation for audiologic rehabilitation has been described in Camurati-Engelmann disease [15] .
Decompression of the vestibular nerve for dizziness has been described and trigeminal nerve decompression can help if facial pain is severe [16] .
The first total decompression in a patient with facial nerve palsy due to bony dysplasia was performed by William House in Los Angeles in 1969, followed by Fisch (Zürich), who operated on three South African patients [17] [18] [19] . Hamersma has performed total decompression in 30 ears with sclerosteosis, the youngest being 2 years old. The experience over 26 years has been that total decompression can prevent future attacks of facial paralysis in sclerosteosis [20] . Surgery is technically difficult due to a sclerotic mastoid and small or absent antrum, as well as the thick dome of the skull (15-25 mm thick). The diameter of the facial nerve in the labyrinthine and tympanic segment is reduced to 0.3 mm. The best time for surgery is before age six. Due to the reduced ventilation of the middle ear space, retraction pockets can develop in the posterior tympanotomy performed during decompression of the mastoid portion of the facial nerve. The 'canal wall down' technique is advised because the 'open' mastoid cavity remains small due to new bone formation.
Orbital decompression for proptosis may be used but postoperative blindness has been encountered. A lateral approach to the orbit usually has more chance of success than unroofing of the orbit.
Sudden death due to medullary coning can occur in young adults with sclerosteosis. Decompressing the brain by means of an emergency posterior fossa craniectomy can prevent death. This usually needs to be followed up by craniectomy of the frontal and parietal skull bone, as well as widening of the foramen magnum [21] .
Other surgical options are reduction surgery of the mandible for cosmetic and functional purposes, decompression of the spinal cord to alleviate severe root pains, and surgery to correct other skeletal deformities such as syndactyly in sclerosteosis.
Nonsurgical management is limited and currently restricted to a few cases described in the literature. Steroid (Deflazacort) treatment for children with CamuratiEngelmann disease, and the use of bone marrow transplantation and stem cell transplantation in recessive "malignant" osteopetrosis has been mentioned in the literature [22, 23] . Decompression of cranial nerves or the orbit is seldom indicated in the recessive "malignant" form of osteopetrosis.
Conclusion
For the practicing otolaryngologist the importance of sclerosing bone dysplasias is the knowledge of such an entity and to include it in the differential diagnosis when treating patients with neural deficits. In children and young adults suffering from recurrent or alternating facial nerve palsy, thickened bone must be excluded as a possible cause. Although we are currently treating the manifestations of the disease, the answer and possible cure lies in the manipulation of the genetic basis underlying these disorders.
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